Objective: The purposes of this study were to perform a detailed analysis how: i) the frequency of coffee/tea consumption and ii) the use of additives in coffee/tea is associated with measures of total and abdominal obesity. Method: 3,823 participants of the 2003-2004 National Health and Nutrition Examination Survey were examined. Obesity was assessed by BMI and waist circumference (WC). Coffee and tea consumption and use of additives were assessed by questionnaire. Results: Coffee consumption was not related to BMI or WC in either gender. However, men who drank ≥2 cups of tea per day had lower BMI (25.9 vs. 28.0 kg/m 2 ) and WC (95.2 vs. 101.32 cm) values than men who never drank drink tea (p ≤ 0.05). The associations between tea consumption and BMI or WC were no longer significant after adjustment for additive use. Coffee/tea drinkers who used artificial sweeteners had larger (p ≤ 0.05) BMIs than coffee/ tea drinkers who did not use sweeteners (28.2 vs. 27.1 kg/m 2 in men, 28.4 vs. 27.1 kg/m 2 in women). Conclusion: Frequency of coffee/tea consumption was not associated with measures of obesity because additive use explained the association between tea consumption and obesity in men. Artificial sweetener use within coffee/tea was associated with higher BMI.
Introduction
More than 55% of the adult population drinks coffee or tea [1, 2] . There is consistent epidemiological evidence that consumption of these hot beverages is associated with a reduced risk of type 2 diabetes and coronary heart disease [3, 4] . It has been hypothesized that the protective effect of coffee and tea consumption on type 2 diabetes risk is mediated by a reduction in obesity [5] . This hypothesis is supported by a handful of clinical intervention studies which report that the frequency of coffee or tea consumption is related to weight loss and change in body fat distribution [6] [7] [8] [9] [10] . However, there is inconsistency in the literature as numerous observational studies have found that coffee and/or tea consumption are not associated with obesity [11] [12] [13] [14] . These inconsistencies may partially be explained by the fact that most of the previous studies did not thoroughly investigate the association between coffee/tea consumption and obesity; the main focus of these studies was the association between hot beverage consumption and type 2 diabetes risk [11] [12] [13] 15] .
Although abdominal obesity is a phenotype that poses an important health risk [16] , few studies have investigated the association between coffee and/or tea consumption and abdominal obesity [8, [17] [18] [19] , and the results of these studies are inconsistent. For example, Balk et al. [17] report no association between waist circumference and long-term coffee consumption in a European cohort while Hino et al. [18] reported that coffee, but not tea, consumption was associated to lower waistline in a Japanese sample.
There are several mechanisms that may explain the association between coffee or tea consumption with total and abdominal obesity. Caffeine contained in coffee and tea, or simply drinking coffee or tea per se, is associated with a higher resting metabolic rate [20, 21] , a greater satiety level [22] and a higher thermogenesis level [20, 23] . In addition, the chlorogenic acid present in coffee and black tea influences the absorption and utilization of glucose from the diet [6, 9] . Furthermore, as coffee and tea can be consumed as frequently as 10 times per day [12] , it is reasonable to speculate that the use of calorically rich additives in hot beverages, such as cream and sugar, may cumulatively have an impact on obesity.
To our knowledge only one study has considered the influence of coffee and tea additives on obesity [24] , this despite the fact that a high percentage of coffee and tea drinkers put additives in these hot beverages. Contrary to expectations, that study reports that men who added sugar to their coffee or tea had BMI values that were 1.1 kg/m 2 lower than those who did not add sugar to their coffee or tea [24] . Further consideration needs to be given to sugar and other additives such as milk, cream and artificial sweeteners.
The purposes of this study were to i) perform a detailed analysis of the associations between the frequency of coffee and tea consumption and measures of total and abdominal obesity and ii) examine the association between the use of additives in coffee and tea and measures of total and abdominal obesity. We examined these associations within a large sample of American adults.
Material and Methods

Study Population
The study sample consisted of individuals aged 18 years and older who participated in the 2003-2004 cycle of the National Health and Nutrition Examination Survey (NHANES). This cross-sectional survey was completed in the non-institutionalized US population. Subjects were identified using a complex, stratified, multistage, probability sampling design. Detailed survey operations manuals, consent documents and brochures of the study are available on the NHANES website [25, 26] . Briefly, there were two parts to the study: a home interview and a thorough health examination. During the home interview, participants were asked questions about their health status, disease history and lifestyle behaviors. The health examination was performed in a mobile exam center where the food frequency questionnaire and anthropometric measures were completed.
The protocol was approved by the National Center for Health Statistics and all participants provided informed consent. Of the original sample aged 18 years and older who completed the mobile exam center visit (N = 5,303), 3,823 individuals had complete information on the exposures and outcomes of interests and were retained for the analyses. The participants who were excluded from the present paper were similar in gender (54.5% vs. 54.1% women) but were slightly younger (43.9 ± 21.4 vs. 48.7 ± 20.6 years) than the participants that were included.
Obesity Measures
Height (to the nearest 0.1 cm) and weight (to the nearest 0.1 kg) were measured using a fixed stadiometer and a digital scale (Toledo digital scale), respectively. These values were used to calculate the BMI (kg/m 2 ), which was used as a measure of total obesity. Abdominal obesity was assessed using the waist circumference (WC), which was measured to the nearest 0.1 cm using a steel measuring tape at the high point of the iliac crest at minimal respiration.
Coffee and Tea Consumption
The frequency of coffee consumption was assessed using the following question: 'Over the past 12 months, how many cups of hot coffee, caffeinated or decaffeinated, did you drink?' The possible responses were: 'never', 'less than 1 cup per month', '1 to 3 cups per month', '1 cup per week', '2 to 4 cups per week', '5 to 6 cups per week', '1 cup per day', '2 to 3 cups per day', '4 to 5 cups per day', and '6 or more cups per day'. The same question was asked to assess the frequency of hot tea consumption.
Coffee and Tea Additives
Four additives were assessed: i) milk, ii) cream, iii) sugar or honey, and iv) artificial sweetener. The following question was asked for each additive 'How often did you add (milk, cream, sugar or honey, artificial sweetener) to your coffee/tea?' The possible responses for each question were: 'never', 'less than 1 time per month', '1 to 3 times per month', '1 time per week', '2 to 4 times per week', '5 to 6 times per week', '1 time per day', '2 to 3 times per day', '4 to 5 times per day', and '6 or more times per day'.
Total Caffeine and Caffeine within Coffee and Tea
Total dietary caffeine content was measured from a 24-hour food recall [27] . In addition, amongst coffee and tea drinkers, caffeine use within hot beverages was self-reported for each type of beverage using the following question: 'Over the past 12 months, how often was the (coffee, tea) you drank decaffeinated?' The possible responses were: 'almost never or never', 'about ¼ of the time', 'about ½ of the time', 'about ¾ of the time', and 'almost always or always'. Coffee and tea drinkers who responded 'about ¾ of the time' or 'almost always or always' were considered as drinking primarily decaffeinate hot beverages for the statistical analyses.
Covariates
Age was included as a continuous variable. Ethnicity was categorized into four groups (non-Hispanic white, non-Hispanic black, Hispanic and other). Participants were asked whether or not they were engaged in 48 different leisure-time activities in the previous month (e.g. walking, gardening, etc.). Information about the frequency and duration of engagement in these activities were used to create the following physical activity groups: 'never', '<30 min/day', '30-59 min/day' and '≥60 min/day'. Subjects were considered current smokers if they smoked cigarettes at the time of the survey, former smokers if they were not currently smoking but had smoked more than 100 cigarettes in their life, and non-smokers if they smoked less than this amount. Alcohol intake was calculated based on mean number of reported alcoholic drinks per day as: 'never', '<1 drink/day', '1-2 drinks/day', and '>2 drinks/day'. Total energy intake (kcal) as well as quality of the participants' diet was based on a 24-hour food recall [27] . The quality of the participants' diets was assessed based on adherence to the United States Department of Agriculture recommendations for seven different dietary components [28] : protein (10-35% of total calories), carbohydrate (40-45% of total calories), total fat (20-35% of total calories), saturated fat (<10% of total calories), cholesterol (<300 mg/day), fiber (>25 g/day for women, >30 g/day for men), and sodium (<2,400 mg/day). A score of 1 was given if an individual met the recommendation for each of the seven components of the participant's diet (protein, carbohydrate, total fat, saturated fat, cholesterol, fiber and sodium). A sum of these components was then computed to create a diet quality index with values ranging from 0 to 7.
Statistical Analysis
Descriptive analyses were used to characterize the distribution of key study variables. Differences in characteristics between coffee/tea drinkers and non-drinkers were assessed by unpaired T-tests (continuous variables) and χ 2 tests (categorical variables). Within coffee and tea drinkers, participants were placed into 5 groups, depending on the type of hot beverage consumed. A ratio score based on Obes Facts 2010;3:345-352
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Model 2 included the covariates in Model 1 plus caffeine intake. Model 3 included the covariates in Model 2 plus the whitener and sweetener additives. Finally, the association between the use of whitener and sweetener additives with BMI and WC within the coffee and tea drinkers was determined using GLM with Bonferonni post hoc comparisons. Analyses suggested that treating the additives as dichotomous variables provided the same results as when the additives were treated as continuous variables based on the original 10-point response options (data not shown). Thus, to make the results more applicable for public health use, the additives were each treated as dichotomous (yes or no) variables. Coffee and tea consumers were placed into groups based on their overall use of sweetener (none, only artificial sweetener, only sugar/honey, both artificial sweetener and sugar/honey) and whitener (none, only milk, only cream, both milk and cream) additives. BMI and WC values were compared across the 4 whitener groups and the 4 sweetener groups. Covariates in the GLM models included age, ethnicity, smoking, alcohol, physical activity, diet quality index, total caloric intake, frequency of coffee and tea consumption, and caffeine content of coffee and tea. Sweetener use was also adjusted for in the whitener analyses, and whitener use was also adjusted for in the sweetener analyses. the frequency of coffee and tea consumption was used to create these 5 groups: i) equal coffee and tea (ratio 0.79-1.19), ii) mostly coffee (ratio ≥ 1.2), iii) mostly tea (ratio ≤ 0.8), iv) only coffee and v) only tea. Differences in descriptive characteristics between these 5 groups were assessed using generalized linear models (GLM) with Bonferonni post hoc comparisons. Age, gender, ethnicity, smoking, alcohol, physical activity, diet quality index, total caloric intake and the frequency of coffee and tea consumption were included as covariates in the GLM models.
The associations between the frequency of coffee and tea consumption with the obesity measures was determined using GLM with Bonferonni post hoc comparisons. Despite a close correlation between BMI and WC (men: r = 0.91, women: r = 0.90) both were tested separately because of their independent relationship with several health outcomes. For this analysis, 4 groups were created based on the frequency of coffee or tea consumption: i) never ('never' or 'less than 1 cup per month'), ii) occasional ('1 to 3 cups per month' to '2 to 4 cups per week'), iii) regular ('5 to 6 cups per week' or '1 cup per day'), and iv) frequent ('2 to 3 cups per day' to '6 or more cups per day'). Four GLM models were run for BMI and WC to consider the impact of different covariates on the observed relationships. Model 1 included age, gender, ethnicity, smoking, alcohol, physical activity, diet quality index and total caloric intake as covariates. 2 ; p ≤ 0.01). The results were similar for Model 2, which also adjusted for caffeine intake. However, after further adjustment for whitener and sweetener additives in Model 3, the mean BMI values amongst the men were no longer statistically different across the tea consumption groups.
Similar to results with BMI, mean unadjusted WC values were not significantly different across the four coffee and tea frequency groups in both men and women. However, after adjustment for adjusted for age, ethnicity, smoking, alcohol, physical activity, diet quality index and total calorie intake, mean WC value was higher in men who never drink tea (101.47 ± 14.31 cm) compared with that of men who drank All data management and statistical analyses were performed in SAS version 9.1 (SAS Institute, Carry, NC, USA). Statistics accounted for the sample weights and complex design (strata, probability sampling units) of the NHANES survey. Interaction tests (effect modification) were conducted for age, sex, physical activity, ethnicity and smoking. As the gender interaction terms were significant, all of the primary analyses were performed separately in men and women.
Results
Descriptive Characteristics
Of the 3,823 participants, 3,213 were coffee and/or tea drinkers and 610 were non-drinkers (table 1). The mean age of the sample was 49 ± 21 years. Slightly more than half of the sample was female (54.1%) and non-Hispanic white (54.8%). Coffee/tea drinkers were older, were more likely to be a former smoker and were less likely to participate in more than 60 min/day of physical activity in comparison with nondrinkers. Moreover, ethnic differences were observed between coffee/tea drinkers and non-drinkers (p ≤ 0.05).
Additionnal descriptive information on the 3,213 coffee/tea drinkers according to the type of hot beverage they consumed is shown in table 2. Amongst the coffee and tea drinkers, 34.9% only drank coffee, 13.5% only drank tea and 51.6% drank both hot beverages. The 'mostly tea' or 'only tea' groups had lower waist circumference values than the 'mostly coffee' or 'only coffee' groups (all p ≤ 0.05). Finally, compared In women, those who did not add a sweetener to their coffee/ tea had a lower mean BMI than women who added an artificial sweetener (27.1 ± 15.4 vs. 28.8 ± 13.3 kg/m 2 , p = 0.03). Unlike men, no associations between the type of sweetener and WC were observed in women. Finally, within both sexes, the use of whiteners (milk, cream, or both) was not independently associated with BMI or WC.
Discussion
Within both men and women, the frequency of coffee consumption was not associated with BMI or WC. However, the frequency of tea consumption was negatively associated with BMI and WC in men. This association was no longer significant after adjusting for additive use, suggesting that additive use in large measures explains the association between tea consumption and obesity. Surprisingly, coffee and tea drinkers who added artificial sweeteners to their beverages had higher BMI (men and women) and WC values (only in men) compared to those who never used sweeteners, while those who added sugar/honey also had lower BMI values.
Our finding that coffee consumption was not associated with BMI or WC is supported by Balk et al. [17] who reported similar findings in a 15-year longitudinal study of 283 American men and women. These findings do, however, contrast with those of Hino et al. [18] who reported, in a cross-sectional study of 1,902 Japanese men and women aged over 40 or older, that coffee consumption was negatively associated with WC. This discrepancy may be explained by the fact that the frequency of coffee consumption is lower in Japan than in the USA [29] .
We observed that men who drank more than 2 cups of tea per day had significantly lower mean BMI values than nonconsumers (25.9 vs. 28.3 kg/m 2 ) before adjusting for coffee/tea additives. The relation between tea consumption and BMI was not observed in women. Men and women have differences in other behaviors such as exercise, smoking, alcohol and diet quality [30, 31] that could perhaps modify the association between tea consumption and obesity and account for the gender difference observed in our study. Our findings in men are consistent with the findings of two short-term intervention studies that were based on animal and human models and did not consider additives [7, 8] . Both of these studies reported that Oolong tea consumption decreases body weight and fat by increasing lipid oxidation. Regarding the impact of tea consumption on WC, we report a significant negative association of frequent tea consumption, but only in men. Conversely, Wu et al. [19] reported an association between tea consumption and WC in women, but not in men, while He et al. [8] reported an association between tea consumption and WC in both genders. The discrepancy regarding the gender divergence between tea consumption and WC, and the discrepancy between studies around this gender difference, are tea occasionally (99.45 ± 14.31 cm; p = 0.04), regularly (97.06 ± 14.21 cm; p = 0.02) and frequently (95.17 ± 14.23 cm; p ≤ 0.01) (Model 1, table 4) . The results were similar for Model 2, which also adjusted for caffeine intake. Finally, after further adjustment for whitener and sweetener additives in Model 3, the mean WC values amongst the men were no longer statistically different across tea consumption groups.
Association between Coffee/Tea Additives with BMI and WC
The remaining analyses were limited to the 3,213 coffee/tea drinkers. These analyses were controlled for several covariates, as shown in the legends of table 5. In men, those who did not add a sweetener to their coffee/tea had higher mean BMI values (27.1 ± 14.5 kg/m 2 ) than those who added sugar/honey (26.1 ± 16.8 kg/m 2 ; p = 0.04) and lower mean BMI values than those who added an artificial sweetener (28.8 ± 10.4 kg/m 2 ; p = 0.02). Similarly, men who did not add a sweetener to their coffee/tea had a lower mean WC than those who added an artificial sweetener (97.4 ± 27.6 vs. 102.1 ± 20.8 cm; p ≤ 0.01). Although frequent tea consumption was associated with a lower BMI and WC in men, it is noteworthy that few American men benefit from such an effect. Only 9.3% of the men in this study reported drinking at least 5 cups of tea per week, and only 3.3% reported drinking 2 cups per day. It is possible that frequent tea drinkers have other specific lifestyle behaviors that also impact their obesity level [36] . However, in this study the smoking, alcohol, physical activity and dietary variables were not more favorable within the men who frequently drank tea.
Surprisingly, the use of calorically rich coffee and tea whiteners such as cream (~29 kcal per tablespoon) and milk (~9 kcal per tablespoon) [37] were not associated with greater BMI or WC values within coffee and tea drinkers. In contrast, sweeteners had an independent association on BMI in both sexes and on WC in men; however, these associations were in the opposite direction to what would be expected. For example, men who added sugar/honey to their coffee/tea had a mean BMI value that was 1.0 kg/m 2 lower than that of men who did not add sweeteners to their coffee/tea. These results unclear at this time. The fact that tea consumption was associated with obesity while coffee consumption was not cannot be explained by caffeine content since tea contains as much caffeine as coffee [32] . This might be explained by other chemical ingredients included in tea such as catechins, which have been shown to increase lipid metabolism in an animal model [33] To our knowledge, this is the first study to investigate the association between coffee or tea consumption and obesity after adjusting for different additives. The negative relationships between tea consumption and BMI or WC that were observed in men were eliminated after controlling for the sweetener and whitener additives. This suggests that the inverse association between tea consumption and obesity measures observed in men was explained by additive use. It is also possible that the abundant groups of polyphenol components in tea that may positively impact obesity [34] are altered when tea is consumed with additives. There are analogous findings that support such a claim. For instance, the beneficial effects of cacao on cardiovascular health disappear when cacao is combined with dairy products [35] . Model Bellisle et al. [38] who reported in a cross-sectional study that men and women who used artificial sweeteners had a higher BMI and waist-to-hip ratio. The unexpected relations between artificial sweetener use and obesity measures observed in the present study and by Bellisle et al. [38] might reflect the crosssectional designs of these studies and the uncertainty about the temporariness of these associations. Indeed, the use of artificial sweeteners might be a strategy that is adopted by overweight and obese individuals to help achieve weight control, and thus the higher BMI and WC values may have preceded the use of artificial sweeteners in our study and not the reverse. Furthermore, some studies have report that the use of artificial sweeteners could stimulate appetite and therefore increase daily energy intake [39, 40] . There are other possible explanations for the unexpected associations between the additives and obesity measures observed in this study. Namely, other hot beverages, such as calorically rich gourmet coffee and tea (300-800 kcal [41] ), have become popular in the USA in the last decade [42] . Consequently, individuals who crave rich and/or sweet hot beverages may choose these gourmet coffees instead of regular brewed coffee/tea loaded with additives.
The main strengths of this study include the use of a large sample of adults, the investigation of the two main types of hot beverages consumed and the consideration of additives. The major limitation of this study was the cross-sectional design, which makes it impossible to disentangle the causeand-effect association between the study variables with reverse causation being highly plausible. Furthermore, based on the questionnaire used, it was not possible to separately assess additives included in coffee versus tea, the portion size of the hot beverages, the volume of additives used, the coffee/tea type or the brewing process. Finally, the variables used to assess nutrition and physical activity in this study were selfreported and subject to recall and social desirability biases. Thus, residual confounding may have been present.
In summary, this cross-sectional study suggests that the frequency of coffee consumption was not associated with BMI or WC while frequent tea consumption was associated with a lower BMI and WC in men. However, this association was no longer significant after adjusting for additive use, suggesting that additive use in large measures explains the association between tea consumption and obesity. The use of artificial sweeteners was associated with larger BMI values in both men and women and larger WC values in men. This later observation likely reflects the cross-sectional nature of the study and not a cause-and-effect relationship between artificial sweetener use and obesity. Prospective studies are needed to investigate the temporal occurrence of coffee and tea additive use and obesity.
